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2 $A,$ $B$ ,





$A,$ $B,$ $C$ Hilbert $\prime H$ .
Proposition 1. 6 .
(1) Hilbert $l_{R}^{2}(3)$ $\prime H$ $c*$ $\mathcal{B}(H)$ $\Psi$
$\Psi(e_{1})=A,$ $\Psi(e_{2})=B,$ $\Psi(e_{3})=C$
, $\Psi$ contraction : $\Vert\Psi\Vert\leq 1$ .
(2) $-I\leq\alpha A+\beta B+\gamma C\leq I$ $(\forall\alpha, \beta, \gamma\in \mathbb{R}, \alpha^{2}+\beta^{2}+\gamma^{2}\leq 1)$.
$I$ identity , $\leq$ positivesemidefiniteness
.
(3) $\{x|Ax\}^{2}+\langle x|Bx\}^{2}+\{x|Cx\rangle^{2}\leq\{x|x\}^{2}$ $(\forall x\in H)$ .
(4) $S=A+iB,$ $T_{1}=I-C(\geq 0),$ $T_{2}=I+C(\geq 0)$
$|\{x|Sx\}|\leq\sqrt{\{x|T_{1}x\}\{x|T_{2}x\}}$ $(\forall x\in?t)$ .
(5) $R\mathbb{I}_{2}$ $\mathcal{B}(Tl)$ $\Phi$
$\Phi(E_{11})=T_{1},$ $\Phi(E_{22})=T_{2},$ $\Phi(E_{12})=S,$ $\Phi(E_{21})=S^{*}$
, $\Phi$ positive ,
$X\geq 0\Rightarrow\Phi(X)\geq 0$ .
(6) $\lambda^{2}T_{1}+\lambda(e^{i\theta}S+e^{-i\theta}S^{*})+T_{2}\geq 0$ $(\forall\lambda\geq 0;\forall\theta, 0\leq\theta\leq 2\pi)$ .
, $A,$ $B,$ $C,$ $I$ ,
. , $\alpha,$ $\beta,$ $\gamma$
$x\in H$ $\lambda,$ $\theta$ .
, .
$A,$ $B,$ $C$ 1 $0$ .
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2. $A,$ $B,$ $C$ 1 $0$
Proposition 2. $C=0$ . .
$S=A+iB$ .
(4a) $w(S) \equiv\sup\{|\langle x|Sx\}|$ : $||x||=1$ } $\leq 1$ ; (numericalcontraction)
(4b) $2+e^{i\theta}S+e^{-i\theta}S^{*}\geq 0$ $(\forall\theta, 0\leq\theta\leq 2\pi)$ .
(4c) $Y,$ $Z$ :
$2+e^{i\theta}S+e^{-i\theta}S^{*}=(Y+e^{i\theta}Z)^{*}(Y+e^{i\theta}Z)$ $(\forall\theta, 0\leq\theta\leq 2\pi)$ .
(4d) $S=2(I-D^{*}D)^{1/2}D$ contractionD .
(4e) $X$ :
$(\begin{array}{ll}I+X Ss* I-X\end{array})\geq 0$ .
numerical contraction (e.g. [1]).
.
Proposition 3. $B=0$ , .
(6a) $\lambda^{2}T_{1}+2\lambda A+T_{2}\geq 0$ $(\forall\lambda\in \mathbb{R})$ ,
$T_{1}\equiv I+C(\geq 0),$ $T_{2}=I-C(\geq 0)$ .
(6b) $D_{1},$ $D_{2}$ :
$\lambda^{2}T_{1}+2\lambda A+T_{2}=(\lambda D_{1}+D_{2})^{*}(\lambda D_{1}+D_{2})$ $(\forall\lambda\in IR)$ .
(6c) $N\mathbb{I}_{2}\mapsto \mathcal{B}(?t)$ completely positive map $\Theta$ :
$\Phi(X)=\Theta(X)+\Theta(X^{T})$ $(\forall X\in N[2)$ .





(i) $\langle x|Ax\rangle^{2}+\{x|Bx\rangle^{2}+(x|Cx\rangle^{2}\geq\langle x|x\rangle^{2}$ $(\forall x\in Ti)$ .
(numerical range) $W(\cdot)$ .
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Proposition 4. $B=0$ , (i)
$(ia)\alpha,$ $\beta\in \mathbb{R},$ $\alpha^{2}+\beta^{2}=1$ , $\alpha A+\beta C\geq I$ .
, $\{z :|z|<1\}$ (numerical range)
$W(A+iC)$ .
$A\geq 0$ $W(A+iC)$ 1 .
Propositon 5. $B=0$ $A\geq 0$ , (i) .
(iia) $\alpha>0,$ $\beta\geq 0,$ $\alpha^{2}+\beta^{2}=1$ , $\alpha A+\beta C\geq I$ $\alpha A-\beta C\geq I$ .
(iib) $\lambda>0$ , $A \geq\frac{1}{2}\{\lambda T_{1}+\lambda^{-1}T_{2}\}$ .
4. Minimax
minimax (e.g. Duffin [3], Markus [4]).
Theorem 6. (Duffin [3]) $T_{1},$ $T_{2}\geq 0$












Theorem 8. (Asplund–Ptak[2]). $F,$ $G$
$\sup$ $inf||Fx+\lambda Gx\Vert=$ $inf\sup||Fx+\lambda Gx||$
| |<1\mbox{\boldmath $\lambda$}\epsilon \mbox{\boldmath $\lambda$}\epsilon | | $\leq 1$
Duffin’s minimax Asplund-Ptak .
Duffin’s minimax Asplund-Ptak
minimax .
Theorem 9. (Asplund–Ptak) $F,$ $G$
$W(F, G)\equiv\{(Re\{x|Fy\}, Re\{x|Gy\rangle)\in \mathbb{R}^{2}$ : $||x||,$ $||y||\leq 1$ }
, $W(F, G)$ closure .
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